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(54) PROCESS FOR PRODUCING 1 ,1 ,1 ,3,3-PENTAFLUOROPROPANE

(57) The claimed manufacturing method for

1,1.1.3,3-pentafluoropropane comprises the first proc-

ess,in which 1,1,1-trifluoro-3-chIoro-2-propene is

obtained by inducing a reaction between 1 .1 .1 ,3.3-pen-

tafluoropropane and hydrogen fluoride in the vapor

phase.and the second process.in which the 1,1,1,3,3-

pentafluoropropane is obtained by inducing a reaction

between 1,1,1-trifluoro-3-chloro-2-propene and hydro-

gen in the vapor phase,and 1,1,1-trifluoro-3-chloro-2-

propene obtained in the first process is supplied to the

second process after removing the HC1 by-products.

This Invention can provide a new economic manu-

facturing method of 1,1,1,3,3-pentafluoropropane with

high yield and selectivity.
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Description

industriai fields where the invention can be utilizecl

5 This invention relates to a method to produce 1.1.1.3.3-pentafluoropropane. which does not destroy frie ozone

layer and is Important for industrial fields as HFC blowing agents, refregerants and propellants.

Prior art

10 Because of these advantages, a method to produce 1.1.1,3,3-pentafluoropropane is urgently needed to be estab-

lished.

The known methods of producing 1,1.1,3,3- pentafluoropropane are as follows.

Carbon tetrachloride and vinylidene chloride are prepared and an addition reaction is triggered. The reaction product.

1,1.1.3.3.3-he)cachloropropane. is lluorinated to produce 1.1.1.3.3-pentafluoro-3-chloropropane which is reduced with

15 hydrogen to produce 1,1,1 ,3.3-pentafluoropropane (WO 95/04022).

Either 1,1,1,3,3-pentafluoro-2.3-dichloropropane or 1.1,1,3,3-pentafluoro-2,2.3-trichloropropane is reduced with

hydrogen to produce 1,1.1,3.3-pentafluoropropane (EP061174).

These well-known methods, however, present technical and cost problems because of the prolonged chemical

processes including the process In which the chloride is fluorinated to produce a precursor, and the process in which

20 the obtained compound is reduced with hydrogen.

Ohjftct of the Invention

The object of this invention is to provide a new cost-efficient method to produce 1.1,1 ,3.3-pentafluoropropane that

25 gives high yield and selectivity without the disadvantages that are common with conventional production techniques.

Construction of the Invention

In order to solve these problems, a production method for 1,1,1,3,3-pentafluoropropane was thoroughly investi-

30 gated. .

As a result, the inventors found that when pentachloropropane is used as a starting material and this is reacted with

hydrogen fluoride in the vapor phase, an important point is that an equilibrium exists between the reaction intermedi-

ates, 1,1.1-trifluoro-3-chloro-2- propene and 1 . 1 . 1 .3-tetrafluoro-2-propene, and that when 1.1.1.3.3-pentachloropro-

pane is fluorinated in the vapor phase. 1,1.1-trifluoro-3-chloro-2-propene is obtained and the by-product, hydrogen

35 Chloride, is removed and 1 . 1 , 1 -trifluoro-3-chloro-2-propene is further fluorinated to produce 1,1,1 ,3,3-pentafluoropro-

pane effectively.

As a result of this experiment, 1 ,1 .1 .3,3-pentafluoropropane is produced with high yield from 1.1.1 ,3.3-pentachloropro-

pane simply through the process of fluorination. This gives a cost-effective method to produce 1,1,1 .3.3-pentafluoropro-

pane to complete this invention.

40 This invention provides a manufacturing method for 1.1, 1,3,3-pentafluoropropane comprising the following two

processes:

a first process to obtain a mixture, which contains mainly 1.1.1- trifluoro-3-chloro-2iDropene. by inducing the reac-

tion between 1.1,1,3.3-pentachloropropane and hydrogen fluoride in gaseous (vapor) phase, and a second proc-

45 ess to remove the by-product, hydrogen chloride, from the mixture obtained in the first process, containing mainly

1,1,1 -tnfluoro-3-chloro -2-propene, and to obtain 1 ,1 ,1 .3.3-pentafluoropropane by inducing a reaction between the

remaining mixture and hydrogen fluoride in gaseous (vapor) phase.

According to the claimed manufacturing method, the chemical reaction is triggered in the following two stages.

55
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First stage (first process)

C;£_(|j_C-C_H - F-C-C= C; +4HC^

fjHF

f I
/I'

F-C-C = C(^ +5HC£
IS I

20

Second stage (second process)

25

30

F-C-C=cf F-C-C= CC +HCi

HF

F H F

F-C-C-i-F +UC£
35 III

F H H

40

45

50

55

In the tirst stage(first process) in which 1.1,1,3.3iDentachloropropane is fluorinated with hydrogen ^^°"Je
.n *e

vaDo"phase there exists an equilibrium between l.l.1.trifluoro-3-chloro-2-propeneand 1.1.1.3-tetrafluora-2-p opene.

^ciuse the by^^ct Of HQ promcrtes a strong tenden^

urtS 1 1 1-trifluoro-3-chloro-2-propenG if excessive amounts of hydrogen fluorde are used. Although the irterme-

d!^te 11.1 3 tetrafluoroproperTe. and the target substance. 1.1.1.3.3-pentafluoropropane. can be obtained through

*^"rrrnrJi=on'^e?re.o.ng*e
trifluoro-3-chloro-2-propene is fluorinated with hydrogen fluoride in the vapor phase in the second stage (seojnd^^^

S Sjnsequently the target substance. 1.1.1 .3.3-pentafluoropropane. can be obtained with high yieW and seledwity

Se «r?Se 1 i%iuoro-3^^^^^^^ produced in the fiist stage is useful for an intermediate of medical

drugs and agricultural chemicals for introducing a trifluoropropyl group into organic compounds.

Embodiments of the Invention

The claimed manufacturing method is explained in detail.
^hhoH in a fir^ reactor

In the first stage described above. 1.1.1 .3.3-pentachloropropane and hydrogen fluorde are added in af"^ reactor

which isfilledwithafluorinating catalyst toinduce the reaction, inorder to proceed thereactioathemo

3
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10

15

gen fluoride to the former should be more than three times that of 1,1.1.3.3-pentachloropropane. Adding excessive

hydrogen fluoride is recommended to complete the reaction as well as it has no problem so as not to adversely affect

the performance of the reactor. If the added excessive hydrogen fluoride is not sufficient, the remaining compound con-

tains too much chlorine. Therefore the molar ratio of the hydrogen fluoride is generally set at a level ranging from five

to 20 times that of the 1 ,1.1 ,3.3-pentachloropropane.

A third stage follows the first and second stages (first and secorxl processes) described in the above. The mixed

gas which mainly contains 1,1.1,3.3-pentafiuoropropane is obtained in the second stage. This gas contains 1,1,1,3-

tetrafluoro-2-propene and 1,1.1-trifluoro-3-chloro-2-propene. After the separation of 1,1.1,3,3-pentafiuoropropane,

these two substances are recycled to the second process (the third process).

Because there exists an equilibrium between 1,1,1.3,3-pentafluoropropane and 1,1.1.3-tetrafluoro-2-propene. the

thiid process described above is necessary to obtain 1 ,1 ,1 .3,3-pentafluoropropane efficiently.

The following reaction formulae demonstrate these processes.

First stage (first process)

20

25

30

C£ H C£
I I I

ce-c-c-c-HIII
ce H C£

3HF
F H

*F-c-c=c;
F

F H
I IF-C-C=C

H

H

+ 4I-IC^

-f 5HC^

Second stage (second process)

35

40

4S

50

F H
F-C-C=C^

F

C£

H

F H F
I I I

F-C-C-C-F +
I I I

F H H

F H
I I

F-C-C=C
F

H

F H
+ F-C-C=C^

I

F "

_J

55

Actually, the gas obtained in the second stage contains 1.1,1-trifluoro-3-chloro-2-propene. 1.1,1 .3-tetrafluoro-2-

propene. 1 . 1 .1 ,3.3.-pentafluoropropane, HCI. and excessively added hydrogen fluoride. After removal of the target sub-

4
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stance, 1 .1 ,1 ,3,3-pentafluoropropane and HCI from this mixture, the residual should be introduced into a second reac-

tor.

The HCI, which has a lower boiling point than the other products, can be easily removed by distillation. Other tech-

niques can also be used to remove the HCI besides distillation. Although the obtained gas can be washed with water to

5 remove HCI. hydrogen fluoride is simultaneously removed. In this case, the removed h)«Jrogen fluoride should be recov-

ered.

When the mixture consisting of 1 , 1 . 1 -trifluoro-3-chloro-2-propene and 1 . 1 . 1 ,3-tetrafluoropropene and hydrogen flu-

oride is introduced into the second reactor, the molar ratio of the hydrogen fluoride should exceed that of the mixture so

that ttie equilibrium between the 1 .1 . 1 .3-tetrafluoro-2-propene and the 1 .1 .1 .3,3-pentafluoropropane leans towards the

10 target substance.

In this case, extra hydrogen fluoride added in the first reactor can be used directly. Additional hydrogen fluoride can

be added as necessary The molar ratio of the hydrogen fluoride is generally set at a level ranging from five to 20 times

that of the mixture.

The gas obtained in the second reactor contains the target substance. 1,1,1,3.3-pentafluoropropane. 1,1.1.3-

15 tetrafluoro-2-propene. and 1 , 1 . 1 -trifluoro-3-chioro-2-propene. These substances can be easily separated by distillation.

Ideally, 1.1,1,3-tetrafluoro-2-propene and 1,1,1 -trifluoro-3-chloro-2-propene should be reintroduced into the second

reactor.

In the processes described above, any type of fluorination catalyst can be used and the method used to produce

the catalyst is not particularly restricted. Fluorination catalysts include chromium fluoride oxide, alumina fluoride, and

20 substances such as fluorinated alumina which carry at least one of the following elements: Cr. Zn, Ti, V. Zr, Mo, Ge, Sn

and Pb. Chromium fluoride oxide is prepared by the following treatment. The hydrates of chromium hydroxide (111) and

chromium trifluoride (III) are treated with heat and the obtained substances are fluorinated with hydrogen fluoride to

produce chromium fluoride oxide. Alumina fluoride is produced by fluorinating alumina with hydrogen fluoride.

Although no specified reaction temperature is necessary, the reaction temperature should be adjusted to the tem-

25 perature range 1 00 to 400°C. The optimum temperature ranges from 200 to 300°C. It is difficult to promote the reaction

at temperatures below lOO'^C. If the reaction temperature exceeds 400**C, the selectivity may decline because of the

increase in by-products. The temperatures of the first reactor and that of ttie second reactor should be adjusted to

appropriate levels and they need not necessarily be set to the same temperature.

If the reaction temperature is extremely low, large-scale equipment is necessary to produce an objective amount of

30 the target substance. Extremely high reaction tenrperature is not preferable because the equilibrium between the

1,1.1 ,3,3-pentafluoropropane and the 1 ,1 .1 .3-tetrafluoro-2-propene leans towards the 1 . 1 .1 ,3-teftrafluoro-2-propene.

Although there is no restriction on the reaction pressure, the optimum reaction pressure ranges from atmospheric

pressure to 20 kg/cnn2.

Any type of reaction equipment can be used in this process. Because tills invention is based on tine catalytic reac-

35 tion between a gas and a solid, the equipment generally used is either a multipipe fixed bed reactor or a fluidized bed

reactor. A movable bed reactor etc. are also suitable. Different types of reactor can be used as the first and second reac-

tors.

Fig. 1 shows a plant which can be used for performing tiie claimed method.

The raw material used in tiie claimed production metiiod is 1 , 1 . 1 ,3,3-pentachloropropane which is easily obtained

40 by an addition reaction between carbon tetrachloride and vinyl chloride (Journal of Molecular Catalysis, Vol. 77.51

,

1992; Magazine of Industrial Chemishy, Vol. 72. No.7. 1526, 1969).

Industrial Availabilitv of the Invention

45 The claimed manufacturing method comprises the following two processes. In the first process, 1.1,1.3,3-pen-

tachloropropane and hydrogen fluoride are reacted in gaseous (vapor) phase to obtain 1,1,1 -trifluoro-3-chloro-2-pro-

pene. In the second process.the 1.1.1 -trifluoro-3-chloro-2-propene and hydrogen fluoride are reacted in gaseous

(vapor)phase to produce 1.1,1.3.3-pentafluoropropane. The gas obtained in the first process, which mainly contains

1,1,1 -rifluoro-3-chloro-2-propene. is supplied to the second process after removing tiie by-product. HCI. This technique

50 is effective for the production of 1 ,1 .1 .3.3-pentafluoropropane with high selectivity. Consequently 1 . 1 .1 .3,3-pentafluoro-

propane can be produced from 1,1,1 .3,3-pentachloropropane economically and effectively simply tiirough tiie.fluorina-

tion process.

The claimed method is adopted to produce a substance: 1.1.1,3.3-pentafluoropropane that does not destroy tiie

ozone layer and that is important for industrial use as HFC blowing agents.refrigerants and propellants. In the first proc-

55 ess. 1.1.1 -trifluoro-3-chloro-2-propene is produced. This substance is useful for an intermediate of medical drugs and

agricultural chemicals for introducing tiie trifluoropropyl group into organic compounds.

5



EP 0 877 009 A1

Brief Description of the Drawing

Fig. 1 gives a schematic flow of an example of the equipment used for performing the production method of the

present invention.

5

Examples

The present invention will be explained in the following examples.

10 Example 1

A first reactor:

An aqueous solution of chromium nitrate and an aqueous ammonia were mixed to form a precipitate of chromium

IS hydroxide. A fluorination catalyst was obtained by heat treating the chromium hydroxide. The catalyst was fluorinated

by a pretreatment witti only hydrogen fluoride passing therethrough before the reaction. A Hastelloy C reaction tube

(internal diameter: 20 mm. length: 700 mm) was filled with 20 g of the catalyst and the temperature was increased at

250''C in a nitrogen stream.

After the nitrogen stream was ternninated, 1.1.1 .3,3-pentachloropropane and hydrogen fluoride were Introduced at

20 flow rates of 20 cc/min and 200 cc/min respectively.

The obtained gas was washed with water and dried and then the composition of the produced gas was analyzed by gas

chromatography. A mixed gas of the following composition was obtained:

1,1,1,3-tetrafluoro-2-propene 2.1%

25 1,1 ,1 .3,3-pentafluoropropane 5.0%

1 ,1 ,1-trifluoro-3-chloro-2-propene 92.9%

A second reactor:

30 The gas obtained in the first reactor was washed with water to remove hydrogen chloride (HCI) .After drying, the

reaction mixture, which mainly contained 1,1,1 -trifluoro-3-chloropropene. was added in a second reactor at flow rate of

20 cc/min accompanied with 200 cc/min of hydrogen fluoride. Conditions in the second reactor were adjusted to match

those in the first reactor and a furtiier reaction was induced.

The obtained gas was washed with water and the composition was analyzed by gas chromatography. The mixed

35 gas of the following connposition was obtained:

1.1.1.3-tetrafluoro-2-propene 23.4%

1 ,1 ,1 ,3,3-pentafluoropropane 52.3%

1 ,1 .l-trifluorO'3-chloro-2-propene 24.3%

As demonstrated in this example.the target substance. 1,1.1 .3,3-pentafluoropropane. was economically produced

with high selectivity simply through the process of fluorination, using 1,1 ,1 ,3.3-pentachloropropane as the raw material.

Example 2

The reaction process adopted in this example was the same as that adopted in Example 1 except for the use of

fiuorinated alumina as the catalyst. The gas obtained in the second reactor was washed with water and its composition

was analyzed by gas chronnatography and a mixed gas of the following connposition was obtained:

50 1,1,1 .3-tetrafluoro-2-propene 22.9%

1 ,1 ,1,3,3-pentafluoropropane 51 .8%

1 ,1 ,1-trifluoro-3-chloro-2i3ropene 25.3%

As demonstrated also in this example, the target substance. 1,1,1 ,3,3-pentafluoropropane. was economically pro-

55 duced with high selectivity simply through the process of fluorination, using 1 ,1 ,1 .3,3-p»itadiloropropane as the raw

material.

40

45
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Example 3

As shown in Example 1, the first reactor was filled with a catalyst. An SUS made distiller (second reactor) was

attached to the outlet of the first reactor so that the otstained gas could be rectified. In this system, 1
, 1 ,1 -trifluoro-3-chlo-

5 ropropene and hydrogen fluoride were introduced at rates of 20 cc/min and 200 cc/min respectively. The products were

introduced into the distillation column. In addition to the 1 , 1 , 1 ,3-tetrafluoropropene with low boiling point and unreacted

1,1,1-tr[fluoro-3-chloropropene with high boiling point, extra hydrogen fluoride was Introduced into the distillation col-

umn for recycling.

As the reaction In the distillation column stabilized, the introduction amount of hydrogen fluoride was gradually

10 decreased until the whole of tiie reaction system was stabilized. When the system was stable, the gas sample was col-

lected from the outiet of the second reactor. The collected sample was washed with water and analyzed by gas chro-

matography and a mixed gas of the following composition was found to be obtained:

1,1,1,3-tetrafluoropropene 28.6%
15 1,1,1 ,3,3-pentafluoropropane 61 .3%

1,1,1 -trifluoro-3-chloro-2-propene 10.1%

The gas obtained from the middle outlet of the distillation column was washed with water and analyzed by gas chro-

matography and a mixed gas of the following composition was obtained:

20

1,1,1 ,3-tetrafluoropropene 1 .6%

1,1,1,3 ,3-pentafluoropropane 98.4%

After collecting the gas produced during a specified period of time, the recovery rate was 97%.
25 As demonstrated in this example, the target substance, 1,1,1 ,3,3-pentafluoropropane, was economically produced

with high selectivity, although the substances in the second reactor were recycled.

Claims

30 1, A manufacturing method of 1.1,1.3.3-pentafluoropropane comprising a first process in which 1,1,1 -trifluoro-3-

chloro-2-propene is mainly obtained by a reaction of 1 ,1 ,1 ,3.3-pentachloropropane and hydrogen fluoride in gase-

ous phase, and a second process in which 1,1 ,1 ,3,3-pentafluoropropane is obtained by a reaction of hydrogen flu-

oride arKi the gas obtained in the first process from which hydrogen chloride has been removed in gaseous phase.

35 2. A manufacturing metiiod as defined by claim 1 having a third process in which 1,1,1,3,S-pentafluoropropane is

recovered and hydrogen chloride is removed from the gas collected in the second process,and the residual gas

mainly containing 1,1,1,3-tetrafluoro-2-propene and 1,1,1 -trifiuoro-3-chtoro-2-propene is recycled to the second

process.

40 3. A manufacturing methods as defined by claim 1 or 2 in which the reactions are performed in the presence of fluor-

inating catalysts in the first and second processes.

45

SO

55
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